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Resumo

Estudos de laminacdo com revestimento de cromo e influéncia nas propriedades
foram realizados com o objetivo de aumentar a produtividade dos cilindros. Para tal,
foram utilizados cilindros cromados para laminacdo de chapas de cobre, com
amostragem da técnica de réplica epoxy. A compreensdao da correlacdo entre
microestrutura e propriedades do material € objeto de grande interesse e, a0 mesmo
tempo, necessario para aplicacdo pratica na laminacdo a frio, combinando
revestimento e produtividade. O objetivo da pesquisa atual € comparar as
propriedades tribolégicas do cobre antes e depois da laminacdo, no cilindro de
trabalho e chapa, com e sem revestimento de cromo.

Palavras-chave: Desgaste; Laminacédo de Cobre; Rugosidade 3D

THE USE OF HARD CHROMIUM PLATING IN ROLLING OF COPPER FOR
INCREASING CAMPAIGN LENGTH OF COLD MILL WORK ROLLS (1)

Abstract
Studies of rolling with chrome coating and influence on properties were carried out with the
aim of increasing the productivity of mills. Therefore, were used rolling with chrome coating
for sheet copper, with sampling the replica epoxy technique. The understanding of the
correlation between microstructure and properties of material is subject of great interest, and,
in the same time, necessary for practical application in the cold mill, combining coating and
productivity. The aim of current research is comparison between tribological properties of
copper before and after rolling used work rolls with and without chromed coating.
Keywords: Wear; Copper Cold Mill; 3D Roughness
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1 INTRODUCAO

The main objective of the research was to obtain the maximum benefits from the
claimed advantages of hard chromium plating in cold mills used for the production of
sheet gauge cold rolled steel strip. In particular, the surface texture of cold reduced
strip is continually being required to be improved at the request of customers. Such
demands have meant an increased number of roll changes, loss of production time
and thus increased costs. New technologies are always offering coating over the rolls
for use in cold rolling mills and it has been claimed that these rolls will give longer
runs between roll changes thereby leading to more consistent strip texture and
reduced production costs [1].

The use of hard chromium on the rolls in the copper cold mill was examined, to
compare the performance of this technique with that of conventional no-chromed
work rolls. The major areas of the investigation included roll preparation, grinding,
mill performance and the transfer of texture from roll to strip. A major part of the
research involved the development of epoxy replica, which could measure surface
texture of both roll and strip to give a complete description in surface topography
terms [1].

1.1. Effect of cold rolling on the hardness of copper

The effect of severe cold working on the properties, particularly on the hardness, of
metals such as copper has been the subject of extended discussion. It is common
knowledge that moderate amounts of cold work materially increase the hardness and
tensile strength of many metals, but that an excessive amount of cold work may
result in the development of internal or external structural defects, which seriously
impair the mechanical properties [2].

Several years ago Rawdon and Mutchler [2] interpreted results of hardness
measurements of severely cold-rolled strips of copper as indicating the attainment of
maximum hardness after a moderate amount of reduction by cold-rolling, after which
further reduction was accompanied by a progressive decrease in hardness.

1.2. Ranges of industrial application
In a series of applications, three-dimensional surface roughness analysis has been
found to be a powerful and versatile concept, compared to two-dimensional
profilometry used in connection with visual inspection through a microscope [4].
Some examples of industrial applications of three-dimensional surface analysis
related to the following functional features are presented here [5]:

a) Leakage and wear on seals

b) Wear on deep drawing dies

c) Paintability of sand blasted surfaces

d) Efficiency of cutting fluids

1.3. 3D surface topography analysis

The roughness characterization of technical surfaces based on 2D description is not
quite satisfactory for many industrial applications. Therefore, with rapid development
with new measuring methods based on powerful computer generation techniques in
Figure 1, and introduction of 3D surface parameters into research and industry is
taking place [6].
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Figure 1: Derivation of three-dimensional surface parameters from mechanical/rheological model [6]
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As shown in Figure 2, relative amount of solid contact corresponds to material area
ratio. 3D surface parameters for static and dynamic lubricant pockets are closed void
area ratio and open void area ratio [6]. Material area ratio has already been
introduced by Stout [7] as a useful tool for comparative analysis of surfaces, based
upon a three-dimensional measurement of surface.
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Figure 2: Material ratio, as well as the open and closed void ratio using the example of the lubricant
crater of a Lasertex surface and definition of vertical parameters according to [7].

1.4. Temper Mill Reduction

After roll texturing process has been finished, the roll-surface structure has to be
transferred to the sheet metal. This process is obtained through Temper Mill (TM).
Previous studies have been performed on the transfer characteristics of different
work roll surfaces onto the sheet metal in terms of TM reductions [8].

Practical data obtained from Temper mills have shown a fivefold increase in roll life
(measured via decrease in Ra values) of texturized Cr-plated rolls [9]. Furthermore,
Simé&o and Aspinwaal, have shown that roll performance is function of roll roughness,
see Figure 3 [10]. It may be observed that as roll roughness decreases slightly, there
will be a gain in roll life, if the wear of the roll roughness is associated with friction
issue. This difference in roll life related to roll roughness has been associated with
breaking of roll roughness peaks [10]. Authors could not find any information related
to simultaneous evolution of Ra values for both, i.e., roll and sheet metal. This
research will try to analyze this aspect.
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Figure 3: Comparative performance of chromium plated and temper mill rolls [10].

1.5. Measurement Techniques

For the past fifty years, the stylus method has been used to evaluate surface texture.
Although some progress has been made in recent years with non-contact optical
methods using lasers, these techniques do not yet have the resolution of the stylus
method. Stylus instruments, such as the Talysurf range, transverse a diamond stylus
across the surface under examination at a constant speed. The stylus is coupled to a
displacement transducer, which converts the vertical movement of the stylus into an
electrical signal, which represents the traced surface profile [11].

1.6. Advantages of three-dimensional surface

Since the mid-seventies, three-dimensional measuring systems for surface
topography analysis have been developed and used at many Laboratories [5]. While
the main objectives of these efforts originally were the to create network
reproductions of the surfaces in three dimensions, several features as colored plots,
extensive filtering facilities, compulation of three-dimensional parameters as well as,
volume and area computation facilities have been added and are now In use, in
different systems.

Figure 4 illustrates the Interaction between the three elements involved with a
surface: generation, characterization and function. The three elements are
Interdependent and for each specific application it is necessary to consider each
aspect carefully. In normative standards, roughness and waviness are generally
defined in terms of the production process used in manufacturing the component. In
the last few years, however, a functional approach has become more and more
common, because it has been recognized that the parameters relating to the
production process are not necessarily related to specific functions [5].

Surface engineering

-'Dataamlysis
Figure 4: The three elements in surface metrology generation, characterization and function, showing
the tree interrelated factor: process control, quality control and surface engineering.

Efforts has been made to relate specific features of the surface to surface’s function
and to develop special functional parameters, although this requires a large number
of new parameters. A fundamental step in this direction is three-dimensional surface
analysis. Generally, characterization of surfaces in three dimensions is needed if the
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surface comprises an inhomogeneous topography or one characterized by isolated
features such as holes, ridges.

2 METHOD AND MATERIALS

2.1 Replica Authentication

Analysis of roughness over work rolls and sheet metal was made possible with
support of surface replicas. A resin Zhermack colorbite D [12] was used to produce
the replicas. The capability to replicate the topography was evaluated initially in this

work.

Table | — Results of measured parameters between on replica and on a standard

Measured on standard

Height Parameters

S 085846 um

Sk 01327

Sy 1.558

“ 1571 pm

Sv 1437 um

S 3009 pm

Se 07900 um
Functional Parameters

Sere RAT %

Senc 1176 ol

S 1142 pm
Functional Parameters (Volu...
vm 0.00706  pm*/ums
Vv 1267  pmYumt
Vmp 0.00706  um%um<
Ve 3245  pmpmé
Vme 1017  pmVumé
Vv 0.02155  pmumé
Feature Parameters

S 04059 Lpm
Si0: 1185 pm

S 07447 pm

SSv 04406 um

Sda 5870
She 1090 ume

Sév 5042 um°
Shv 2957 pm°*

Functional Parameters (Volu...

Functional Parameters (Volu...

Measured with replica Measured on standard Measured with replica
Height Parameters Height Parameters Height Parameters

SQ 05856 um S 6583 um S 6.6% m
Sek 0.1300 Sek oo Sek 0.07254

S 1.560 Sk R Sk 1813

S 1528 pm S 1329 pm % 1266 pm
v 1450 pm Se 1167 pm Sv 1249

S 297 um 3 249 pm S 2515 um
S 07906 um Se 6008 pm Se 5.961 "
Functional Parameters Functional Parameters Functional Parameters
S 375 % Serv 03307 % Senve 2087 %
Sme 1084 pm S 9554 um Sme 9.765 um
Sap 1148 um Sxp 1045 o Sap 1053 um

Functional Parameters (Volu...

v 0006926 pm*/ums Vm 0.1266 pm*fumé Vm 01251  pm/umé
W 1269  pmfpms W 1001  pmfums W 9890 pm/umd
Vimp 0006926  pm/ums Vmp 0.1266 "t/ Vmp 03251 pmums
We 1247 pm Ve 9618  pmtfums Ve 9422 um/umé
Vi 1020  pm /ums Ve 7.506 " Ve 7375 pmfumé
Vv 002173  pm/pm Vv 03924  pm“umé Vv 04672 pm“/umé
Feature Parameters Feature Parameters Feature Parameters

Sec 03862 Upm Sec 389 Upm Spx 9450  Lpm
S10z 2264 pm Sl ™ wm Si0: 1228 pm

SSp 1117 pm Sy Y pmn S5 4778 um

S5 1146 pm S e P SSv 7498  pm

Sde 7266 S %% pens e 8541  pm*
She 4404 o e 6931 pm She 781 um
Sdv 6.006 pm® Sira e pm* Sdv 199 pm°
Shw 197 pm* Shw 344 pm Shw 2100 pm*

Standard used = 0,86 Um

|

Standard used =6.0 UM

A comparative method replica resin permit to evaluate surface topography of cold mill
work rolls, see Table I. Sa roughness average in both situations, original standards of
6,0 um and 0,86 um , are compared in Table I.

From Table I, using the main roughness parameters, we obtain Table Il with a high
correlation coefficient, thus authenticating the replica procedure used in this project.

Table Il — Results coefficient of correlation

Comparative evaluation of standard versus replica

ESEIEIEIE Original standard Replica Original standard Replica

roughness = 0,86 pm Roughness roughness = 6,0 pm Roughness
Sq 0,8846 0,8856 6,883 6,896
Ssk 0,1327 0,13 0,1021 0,07254
Sku 1,558 1,56 1,782 1,813
Sp 1,571 1,528 13,29 12,66
Sv 1,437 1,45 11,67 12,49
Sz 3,009 2,979 24,96 25,15
Sa 0,79 0,7906 6,004 5,961
Coefficient of correlation 0,999811602 0,998750436

2.2 Replica Analysis
The equipment to perform the replica analysis of the surface topography, using
international 3D roughness parameters, is shown in Figure 5.
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Figure 5: Image of rugosimeter 3D - Talysurf CClI [3]

2.3 Evaluation: Roughness test retention in a cold rolling

Roughness retention of a work roll chromed has been determined at four high cold
mill [12]. Figure 6 shows the application of replica during sampling on rolls and on
sheet.

Figure 6: Application of replica on WRC/WRU and sheet at cold mill [12]

In these trials, evaluation has been performed over several work roll campaigns and
on sheet metal, simultaneously. Replicas were applied on work rolls and sheet, in
three roll change steps, namely: beginning (50 tons), middle (about 250 tons) and
final (about 800-1300 tons), for chromed and no-chromed rolls and sheet. These
steps/positions were strategically defined in order to verify wear.

Table Il — Results of trials on cold mill
i Roll Number Average wear Roll wear
Trials Number
Type of changes tonnes rolled mm tonnes/mm
no-chromed 36 75 0,10 750
1
chromed 32 580 0,15 3367
no-chromed 39 78 0,11 709
2
chromed 37 2320 0,18 4556
no-chromed 46 76 0,12 633
3
chromed 83 1230 0,25 4920
no-chromed 12 20 0,14 571
4
chromed 92 1630 0,23 7304

It can be seen from Table Il that, for all the trials, a significant improvement in terms
of tonnes rolled per changes and roll wear rate has been achieved with chromed rolls
compared to no-chromed work rolls. On trials number 4, no-chromed rolls show a
significant advantage over chromed rolls in terms of tonnes per trip though roll wear
is different, but the roll wear on chromed is almost thirteen fold comparative to no-
chromed. In relation to wear, on average, no-chromed rolls require almost half the
stock removal of chromed rolls, as stated previously. The reason for the relatively
poor performance of the chromed rolls in begin of trials is that rolls in this stand are



changed not only due to damage, but also due to loss of surface texture. It was
stated previously that chromed rolls are more difficult to the high level of roughness
required for this cold mill. Therefore, on average the initial roll roughness of chromed
rolls entering was less than that of no-chromed rolls. Furthermore, examination of roll
texture after service has shown that the texture of no-chromed rolls tends to open out
and decrease more rapidly than that of chromed rolls. After the first trials, the
roughness was increased and consequently increase of the average tonnes rolled.
Examination of the roll records for a five month period on this cold mill, when
approximately equal numbers of chromed and no-chromed rolls were in service, has
shown that of the damaged rolls 38% of the no-chromed rolls had to be reground
compared to only 15% of chromed rolls. This is a significant difference, which,
together with the fact that the chromed rolls had on average only half the stock
removal of the no-chromed rolls, indicates that when chromed rolls are damaged in
the mill the damage penetrates far less into the roll surface than with no-chromed
rolls.

2.4. Texture transfer

The transfer of texture from roll to strip is highly complex. The most important
parameter in determining strip texture is, of course, the roll texture. However, the
proportion of this texture transferred can be greatly modified by the many variables
involved in the rolling process. For example, the hardness of the strip entering the
last pass of the cold mill depends on the grade of material and the amount of
reduction given in the earlier passes. The lubricant film acts as a barrier to the
transfer of texture and the thickness of the film will depend on the speed of rolling
and the concentration of the fluid [7].

The pressure in the roll bite depends on the roll force, tension, roll diameter, draft,
speed of rolling, width of material, and also forward slip which is very difficult to
determine. In an attempt to evaluate, the effect of all the variables of cold mill was
monitored for a continuous period involving 20 roll changes on last pass. The rolling
variables were monitored for each coil rolled during this period. Roll textures were
measured with epoxy resin, before and after service and strip samples taken for
colils.

3 RESULTS AND DISCUSSION
3.1. Roughness Retention Trials

Trials have been carried out in order to evaluate roughness retention of rolls and
sheet surfaces. Figure 7 shows variation of Sa values for WRC system.

chinomed work rodis

-

] _,'

| shast with no-ghromsd [ET—

§ Work rodis Fi *,

i no-chiromed Work rolis $hast with chromed
WOrK rodis

Surtacs Rowghnass a (pm)

Rodling bength (lm})

Figure 7: variation of Sa roughness of surfaces from chromed (WR Coated) rolls with rolling length
compared to no-chromed (WR Uncoated) rolls, solid lines from [10], dotted lines (research for rolls),
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traced lines (research for sheet (SH), see Fig. 6). Ra values (2D) are taken as being similar to Sa
values (3D).

These results from Figure 7 show that the roughness retention curves both from [10]
and those from current research show similar trend. Clearly, chromed roll showed
about fivefold higher performance than no-chromed, confirming information given in

Figure 3.

3.2 Evolution of Surface Topology (on steel sheet)

Figure 7 also shows evolution of steel sheet roughness for same conditions, which is
the novel aspect of current research. Furthermore, 3D-surface topology of chromed
rolls before and after applying of hard chrome may be observed in figure 8. More
details on 3D surface analysis may be obtained from [6] and [7].
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Figure 8: 3D roughness topology of the surface WRC/WRU and Abbot-Firestone curves

The current results of this preliminary research show, despite not allowing a clear
resolution of wear mechanisms predominant, it was possible to compare both WRU
and WRC chromed roll surfaces. Taking into account that the tribological system that
is being analyzed (for pure slip and boundary lubrication conditions), the parameters

show the greatest influence can be summarized in Table Il

Table 11l — Results of the surface topology (Figure 08)

Parameter WRU (ml/m?) WRC (ml/m?)

- 20km 50 km 100 km  Std.Dev. Variation | 20km 250 km 500 km  Std.Dev. Variation
Vmp 0,1623 0,1386 0,1202 0,021 -0,04 0,2455 0,057 0,108 0,098 -0,14
Vmc 2,053 2,166 2,44 0,199 0,39 2,628 1,146 0,6863 1,015 -1,94
Vvc 2,939 3,106 3,636 0,364 0,70 5,227 1,52 1,42 2,170 -3,81

Vvv 0,2414 0,2302 0,2223 0,010 -0,02 0,1988 0,1476 0,089 0,055 -0,11

From Table Ill, WRC surface parameters show a greater volume of “peaks”, above
the material “core” and a smaller volume of “valleys” under the same material “core”,



when compared to the no-chromed work rolls, as shown by images of Figure 8.
Evaluating the main parameters separately we have:

a) Vmp: represent the volume of material located on the highest peaks of the surface
which is removed during a wear process. The results from chromed work rolls (at 500
km = 0.108 ml/m?) in relation to no-chromed work rolls (at 100 km = 0.1202ml/m2),
probably due high wear resistance from Hard chrome plating and, hence, hard
coating reduced wear and increasing quantity of peaks to support the roughness
during rolling trials. Confirming good performance of five times the increase in roll
change of the no-chromed as compared to chromed work rolls, as shown by Figures
3 and 7[11]. The increase of resistance to surface roughness change determined the
performance of work roll. Abrasive wear occurs by abrasion scratches of work roll
after campaign while work roll mark is probably to be associated with low hardness
and microstructure.

b) Vmc: reduction in volume of valleys in chromed work rolls (at 500 km), indicating
that Cr-layer contributes to area sustaining rolling load and, after a certain “milage”,
the effect is over. This might be related to loss/ wear out of Cr layer during the
campaign in Cold Mill. For no-chromed work rolls, the volume of “valleys” after 100
km was nearly constant, as shown by Figure 8[11].

c¢) Vvv: For both chromed work rolls and no-chromed work rolls there was a reduction
in void volume of the valleys. This may be related to decrease in amount of lubricant
retention in the deepest valleys of the surface. This parameter is not affected by wear
processes applied on the surface. However, chromed work rolls presented a five fold
improvement when compared to no-chromed work rolls, therefore confirming Cr-layer
in increasing this parameter, as shown in Figure 7 [11].

4 CONCLUSION

The 3D roughness parameters relevant for discriminating different topographies with
regard to a specific application, the results of this work revealed:

1) Vmc parameter (the Core Material Volume - defined as volume of material
comprising the texture between heights corresponding to the material ratio values of
p = 10% and q = 80%) is the most relevant parameter to characterize the cold rolling
process. This parameter allows understanding the mechanism of steel deformation
during cold rolling and consecutive change of surface roughness after every rolling
process.

2) Surface replica technique/methodology is reliable.

3) There is a Sa significant drop in Sa values in rolls and the sheet when comparing
no-crhomed rolls in relation to chromed rolls. Therefore, no-chromed rolls showed
lower roughness retention as compared to chromed rolls.

4) Explanations could be given through Vmp, Vmc and Vvv parameters (not
excluding eventual other 3D surface parameters). It is important to point out
methodology for monitoring simultaneously the evolution of roughness/surface
texture of both work rolls and sheet roughness.
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5) There is clearly an increase in roll change - of about five times, although technical
and environmental care should be taken during application of hard chrome layer.
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